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Data Mining - Finding Putative Relevant Patterns

Quantified array spot data for multiple samples
Organize by sample, gene expr, gene sets

Change views, normalization, data filters
Visualize and query: plots, cluster, reports

Explore external genomic databases

Results



What is the MicroArray Explorer?

MAEXxplorer is a flexible Java stand-alone (off-line) or
applet (Web-based) microarray data-mining tool

Handles multiple cDNA arrays with replicate spots
Handles intensity or ratio (Cy3/Cy5) quantified array data
Analyzes data for 2-conditions and expression profiles

Data-filters gene sets by statistics, clustering, gene set
membership

Direct data manipulation in graphics, spreadsheets
Accesses genomic Web servers from plots and reports
Currently oriented for cDNA, extending to protein arrays




MAEXxplorer was Developed for the
Mammary Genome Anatomy Program

MGAP models, histology, expression
http://mammary.nih.gov/

Mouse models of

1. normal mammary development C57B6

2. Knock-outs: Statda (-,-) & (+,-), CEBP null, TGFa« etc.
3. Tumor models: WAP taq, p53 mutant, etc.

4. Transgenics: WAP Int3, BRCA1, etc.

Initially, MAEXplorer was a Java applet for analyzing
MGAP arrays http://www.lecb.ncifcrf.gov/imae

MAEXxplorer identified genes in preferentially expressed
during lactation, Nucleic Acids Res. (2000) 28:4452



Mammary Geneome Anatomy Program
MAEprorer http://lwww.lecb.ncifcrf.gov/imae
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The MAExplorer i3 an exploratory data analysis facility for cDIA microarrays from mouse
marnmary tissue and databases from the Mammary Genome Anatomy Project (WMGAD).

MicroArray Explorer

MGAP MicroArrays used to Profile Gene Expression
Patterns in Mammary Tissue

The MGAP microarray database provides access to microarrays which have
been used to profile gene expression patterns in normal mammary tissue
Jrom different stages of development and neoplasia.

The Laboratory of Genetics and Physiology (LGE) has established the Mammary Genome
Anatomy Program (WMGAT) designed to identify and understand genetic pathways operative
during normal mammary gland development and tumeongenesis. One arm of this program
focuses on the use of cDIA microarrays to profile gene expression patterns. For this
purpose, cDMA (EST) ibraries are generated, sequenced and clone inserts are spotted on
nylon membranes (by Eesearch Genetics). These membranes are used to momtor expression
profiles under various physiological condiions. At this point expression profiles have been
obtained from several stages of notmal mammary gland dewveloptnent and different turnor
models. Access to these data and the Microbrray Explorer tools is granted to the scientific
cotnmunity

The ¢cDNA library Technology

EST {cDMA) ibranes of normalized cDMA are generated from mammary tizsue at different
stages of development and from different transgenic mouse tumor models. Currently a ibrary
trotn lactating matamary tissue from COWEBE mice 15 avalable (info avalable from the
Laboratory of Geneties and Physiology), IMore than 5000 clones from this ibrary have been
sequenced (Genbank).
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MAExplorer Home Page
http://www.lech.ncifcrf.gov/IMAEXxplorer
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MicroArray Explorer for Data Mining Gene Expression Patterns

Documertztion

+ Manual fen righty The Microarray Explorer (WMAEzplorer) 15 a Java-based data-mining facility for cDMNA microarray databases. It may be
: W freely and run as a stand-alone application on your computer, or nin as an applet in your Web browser. The
o Lol exploratory data analysis environment prowides tools for the data-mining of quantitative cDI A expression profiles across
sl s multiple microarrays.
+ Short Tutorial
+ Advanced tutarial WWith this program it is possible to: 1) analyze the expression of indimdual genes; 2) analyze the expression of gene families
. w and clusters; 3) compare expression patterns and outhers; 43 directly access other genomic databases for clones of mterest.
+ Glossan In the applet version, data is downloaded as recuired from the server to the user's Web browser where real-time analyses
X II::%Desk are performed. The stand-alone version uses previously quantified array data copied to the local computer where it may save
data from data mming sessions.
+ [secteen] Bocuments (POFY
- Microarray data may be viewed and directly mampulated it atray peeudoimages, scatter plots, histogramms, expression profile
Dsta for mat conwvarsion plots, cluster analyses (sirmilar clones, K -means, hierarchical clusters, etc.), and reports. & key feature is the clone data filters
Cemeaaidae for constramng a worldng set of clones to those passing a vartety of user-specified tests. Repotts may be generated with
hypertest Web access to genotmic databases such az UmGene, GenBanle, dbEST, LW A GE., NCICIT médb Clone DE
* CuiZhlae converter o
P and other Internet databases for sets of clones found to be of interest.

Downloading MAE:xplorer . . L . o . . . .
+ Stand-alone version A major focus of this tool 1z mteractive data mining with access to other supporting Web genotmic databages. The emphasis

Pac on direct manipulation of clones and sets of clones in graphics and tables provides a high level of interaction with the data

- making it easier for inwestigators to test ideas when looking for patterns.
+ m In=stall MAE:plarer tl'g B

" Tt was deweleped by the MCI Laboratory of Experimental and Computational Biclogy (LECE) in collaboration with the
NIDDE Laboratory of Genetics and Physiology (LGP). WMAEsxplorer was created to help analyze microarray data for the

LGP': Marmmary Genome Anatomy Program (MGAT) designed to identifiy and understand genetic pathways operative
during normal mammary gland development and tumorigenesis. Mote that 38 hybridizations from the WMGAT database are
dizca e meluded as a demonstration database when you download the stand-alone version of MAEzplorer.

MGAP-MAE=plorer hiorme

Gastnss e | I A&Explorer may be used as an applet to access the MMammary Genome Anatomy Project (MGAF) microarray Web data

leahin @Excifed.qou | through hitp fmarmmary nth gowmeap or directly at http e lech neiferf gowimae.
(LECENCHFCROC) ]
Aevized : $0ate: 20010530 The describes the details of WA Ezplorer as well as showing a number of screens dlustrating various e
HBIEEE operations. Several futorials are avalable as well 38 hybridizations from the MGAP database.
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MAEXxplorer GUl-based User Interface
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Data Sources

Schema: tab-delimited experiment data files:
1. GIPO (array print file)

2. List of samples in DB

3. Configuration

4. Separate spot quantification data files

Use with any experiment data that uses this schema

Files are read from:
1. Local disk for stand-alone application or
2. Web server for Web-browser applet - optionally cached locally

Used with data from NCI/CIT-ATC mAdb Web server

The Cvi2Mae tool is used to convert generic data to this schema




Lists of Hybridized Probe (HP) Samples

Multiple-sample database may consist of many
conditions with replicate samples

Organize samples as lists of conditions:
1. Xand Y pairs of individual samples

2. Sets of X and Y replicates (X-set, Y-set)
3. Ordered expression profile list (E-list)

Manipulate named lists of sample conditions

Save and restore named sample lists during analysis
and between sessions




Operations on 2- & N-conditions of Samples

AN /

Operations on sets of replicate samples- e.qg. t-test, CV statistical

tests

Operations on order lists of samples: e.g. clustering, Expression
Profile plots

() “HP” is hybridization probe i.e. the sample hybridized to the chip



Choosing HP-X, HP-Y Sets and HP-E Lists
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Gene Data Filter is Intersection of Tests

Spot Intensity and
ratio tests

*Ratio or Zdiff range
*Intensity range

*Ratio histogram bin
*Intensity histogram bin
*Highest/Lowest ratios
*Abs |X-Y| difference

Gene subset tests

*Gene class
*Edited Gene List
*(Good genes
*User named gene sé

Statistical tests

*Coeff. of Variation
*t-Test of X vs Y sets
*Clustering distances




MAEXxplorer User Interface - Filter Menu
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Plots

Plots allow visualization and direct manipulation of gene data

1.

Pseudo array image - intensity, ratio (X/Y)

. Zoomable scatter plots - X vs Y, Cy3 vs Cy5, duplicate spots

. Histograms - ratio and intensity

. Expression profiles - individual genes and overlay plots

Silhouette plots - similarity clusters, K-means clustering

Hierarchical clustering - clustergram, dendrogram




Scatter Plots of Two Conditions
X-Y scatter plot of two 13-day pregnancy samples: C57B6 vs Stat5a (-,-) [MGAP]
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Zoomed X-Y Scatter Plot

« Zoomed-in on Raf-related oncogene (green circle) using scrollbars
» Genes not passing Filter may be grayed out in the plot

E’%’,ﬂ‘ﬁcatter plot of gene HP-X vz HP-Y intensities

Scatter plot of gene HP-Xvs HP-Y intensities

j [1-B45,16] intensx=14.840, intensY=145.370, («M)=0.8654
ClonelD: 13814538, dbEST3: 16496428, GeneBankaccd' AAIE0102, UniGene: Mm. 121
GeneMame: Raf-related oncogene

29417
+ 4+t +
" " T o
+
+ 4 . +++++
¥, + +
—I + -"|-'+ +:I+* ! * :
R A ’ +7
HP-¥ ‘s et Yo e E
+ + + + +
& #+ o +*+
| . ?;— ottt
j + + + FEEL T b
j + ++|-h-+ + + * +# ’
+'¢+ +'|ﬂ -|'-!"|F+@+ +
W g N ++
+H e § *
+ o4 & Tt
+ +Hh e
+ +l3-'_++ + +
++ +++ *
+++ £$}3ﬂ+
e e e e
0.0 26.516
HP-x 'set'
HP- 'set” CATHE pregnancy day 13
HP-% 'set" Statha - -) pregnancy day 13
[Morm.: median intensity]
’4 rSg=0.961, n=4058, ¥imn+-sd)={6.339+-5.414), Yimn+-sd)={3.083+-10.994)

] KN | »l

|_ Mouse-over info Filtered genes | SaveAs | Close |




Genes Filtered by Intensity-Histogram Bin
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Expression Profile Plots of N-conditions
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Cluster Genes With Similar Expression
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K-means Clustering of Expression Data

M= E3

=} Scatter plot of gene HP-X vz HP-Y intencities

Scabler plot of gene HP-Xvs HP-Y intensities
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List of Expression Profiles Plots of Clusters

» Scrollable list of EP plots showing genes from clusters #1, #2, #3
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Mean Expression Profiles of K-means Clusters

=] - - -
=3 Mean Expression Profiles of "N-Primary Nodes' clusters

I H S prry

M &5 10 15 20 25 30 35 M & 10 15 20 25 30 35

MPM #1 [8 genes] [nearest cluster dist; 1.8841] MPM #2 4 genes] [(nearest cluster dist: 33.2324]
Within cluster dist: mn+-sd=2.152+-1.254 Cyv=0.532 Within cluster dist: mn+-sd=23.045+-6.153 CW=0.267

«ﬂmw j\/"/“‘%\rww

M 5 40 45 20 25 30 35 M 5 40 45 20 25 30 35

MEPM #3 Y genes] [nearest cluster dist: 3. 4658)] MEM #4 (25 genes] [nearest cluster dist 22 4600]
Within cluster dist ma+-sd=6.650+-2.278 CY=0.2342 Within cluster dist ma+-sd=11.919+-4 503 C\V=0.377

A S 2,

M 5 40 15 20 25 30 35 M 5 40 15 20 25 30 35

MPM #5 [14 genes] [nearest cluster dist: 0.2347] MPM #6 [13 genes] [nearest cluster dist: 0.23457]
Within cluster dist mn+-sd=1.686+-2.751 CW=1 631 wWithin cluster dist mn+-sd=0.223+-0.031 Cv=0365

[ Er 1}{| Cuwel HP names| Clnsel

............




Hierarchical Clustering of Expression Data
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Reports

Data reported as:
1. Web-accessible dynamic spreadsheets or
2. tab-delimited text exportable to Excel

Gene set reports - linked to UniGene, GenBank, mAdb,
LocusLink, etc.

Array sample reports - linked to histology and model
Web pages

Pop-up Web browser on specific data from dynamic
reports or plots




Gene Set Operations Help Manage
Data and Search Results

All gene sets are named with a directory of existing sets

Set operations (AND, OR, DIFFERENCE) may be used to create
new derived sets

Special sets:

1. Filtered genes set holds genes passing the data filter

2. Edited Gene List holds results of clustering or editing

3. Normalization set may be used as normalization method
4. User data filter set may be used as a data filter

Sets are saved when the session is saved, restored when
MAEXxplorer restarted




Find Gene or Gene Subset by Name Guesser
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Gene Set Operations - e.g. ‘AND’ of Two Sets
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Scrollable Dynamic Gene Reports
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Scrollable Dynamic Gene Reports
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Correlation Report of all Samples

« Sample vs Sample correlation coefficient report for current set of Filtered genes

E%%HF ¥5. HP comrelation coefficientz table, Pregnancy 13 days: C57BL/E vs. statha [-.-]. 8 probes

HF ws. HPF correlation coefficients table, Pregnancy 13 days: CSTELS6 vws. ztatSa [(-,.-1, & probes

(I reg=0.982, n=405, HP:2Z{mn+-sd)=01+-0), HF:3(mn+-sd)=01+-1}

C57BE-p13-totalRMAL | CETBG-p13 4 C57BG-p13.2paly-A Statha.--.p13-15min Statha.--.p13-15min2 | = |
1 C57BG-p13-totalRHAL | - rSg=0.715, n=405, HF | r5q=0.729, n=405, HF | r5q=0.953, n=405, HF | r5q=0.952, n=405, HF
2 C57BG-p13.1 - - - rS5q=0.756, n=405, HF || r5q=0.757, n=405, HF
3 C57BG-p13.2paly-A - - - r5q=0.772, n=405, HF || r5q=0.773, n=405, HF
4 StatSa.--.p13-15min - - - - 15q=0.997, n=405, HF
5 Statha.--.p12-15min2
=] Statha.--.p13-1hi2
K Statha.-- p13-30min
L= Statha.--.p13-20min2

—

g




Tab-Delimited Reports Exportable to Excel

E"E’,ﬂ'HEAP DB - MicroArray Explorer - ¥0.89.12-Beta - Pregnancy day 13: CH7EL/G v=. statha [-.-]. ... =] EY

File HybProbe Edit Analysiz Wiew Help

Enter gene name or elone |0 I I_ Mouse-over info HF-x: CE7BG pregnancy day 13

HP-*": Statha (-,-) pregnancy day 13

| Genes with hinhest HP-XHP-Y ratios

|There are 405 genes passing the Filter.
HP-X: C57B6 pregnancy‘ day 13

Eﬂ GEME REFORT - Filtered genes with 50 Highest ratioz HP-X[C57B6 preg... [l[=] E3
IB-ENE REFORT - Filtered genes with 50 Highest ratios HP-X[CSTBS pregnancy day 13] # HP-[Stat5a [

Grid-Coard Ratio HP-2HP- Clane-1 Gene-Mame Plate-z . R,C mAadb Cl
[1-36,21] 19028 1382272 Mus musculus Ma-interacting-zine finger protein 1 (Miz1) mENA, comg
[1-B4,14] 1.86324 124983264 54100 calcium-binding protein Ad plate[5,B,2] 1248264
[1-A3,17] 18456 12428170 Mouse mRNA for SDF2, complete cds plate[4,4.5] 1248170
[1-H4,15] 18449 1248272 ADREMODOXIN PRECURSOR plate[S H,3] 1248272 1248272
[1-05,3] 18256 1248351 Abl-interactor 1 plate[7,[r3] 1248351 1248351 AlMG3ET
[1-FF. 7] 181418 1382525 Acetyl coenzyme A dehydrogenase, medium chain plate[11.F.7]
[1-C2,19] 1.7997 1247627 Mus musculus mENA for osteomoduling complete cds plate[z2.0
[1-AZ26] 17677 12497777 Mus musculus metalloprotease/disintegrinfoysteine rich protein precurs |
[1-B&,7] 1.7552 1321654 TROPOMYOSIN G, CYTOSKELETAL TYFE plate[8,B,7]
[1-BG.2] 1.7499 13817032 B-cell translocation gene 2, anti-proliferative plate[3,B.9]
[1-45,23] 1.7377 1248527 Mus musculus ubiquitin-conjugating enzyme HREA mRMNA, complete o
[1-C3,10] 1.7316  A2477028 Ephrin A1 plate[2,C,10] 1247708 1247708 ASQ59770
[1-02,8] 1.7249 1247564 Enthroomte protein band 7.2 plate[2,0.5] 1247564 1247554
[1-C5,2] 1.7190 1321920 Mus musculus mENA for NEFA protein, complete cds plate[3,0
[1-D7 6] 1.7081 1382671 Mouse MA-Z (apoptosis-related gene) mRMNA, complete cds plate[12
[1-H3,42] 17073 1248169 Histocompatibility 2, T region locus 22 plate[3,H,12] 12481639
[1-H4,20] 1.7039 1248345 Mus musculus alpha-methylacyl-Cof racemase mREMNA, complete cds
[1-02,14] 16611  A2497820 Tight junction protein 1 plate[2,[r,2] 1247820 1247820
[1-#2,22] 168598 1247817 Mus musculus ras-related protein (rab18) mRMA, complete cds

[1-0<5] 168528 1292124 Mus musculus bromodomain-containing protein BRF7S mRENA, complet
[1-C5,8] 16274 1248272 HISTOME H2.2 plate[7,C 5] 1248278 1248278 AlMG330:

Y -
4| | b

SaveAs | Close |




Plug-in Extensions to MAExplorer \ﬁ@

HHHHHHHHH

Plug-ins will allow investigators to extend capabilities of
core MAEXxplorer program to other analysis methods

Open Java API, Java examples, donated plug-ins &
links to Plugins will be published on our Web site

Typical plug-ins: normalization, Filters, PCA, clustering,
Web-server functional analysis of cluster results, etc.

Plug-ins will have three types of implementations:

1. Using 100% Java code

2. Accessing local programs written in any language

3. Web-CGl or client-server to specialized genomic DBs




Data Format Conversion for MAExplorer

Cvt2Mae reads a variety of array data - for both one-
of-a kind academic and commercial arrays (eg.
Affymetrix, Incyte, etc).

Users can create an Array Layout description that may
be used in subsequent conversions

Will add generic “MAML” (now “MGED”) standard
compatibility (MicroArray XML) for data portability

Cvt2Mae is undergoing Beta-testing



Select a Chip Array-Layout

Eg,il:vtEHae convert array data to MAE xplorer files - Yerzsion: 08-21-2001 [Beta]
Enter data for steps 1, 2, and 3. Then press 'Run' to convert your data to MAExpiorer format

1. Select Chipset -- select a chip layout - |

-- sefect 2 ciip layout --
=Usear-deffined>

1.1 (opt) Select Quant. softwareused:  [[NONE] pick array diincyte - Mouse H
hcyte - Hinman
Aﬂj.rmem'x Mouse

2. Sefect input Daila Fifes:

2.1 Sampias to use '<<fifa>> sample namaea’', Remove sample | | Repname sampie
Vendor
Layout name
Species
Spotsimicroarray
3. Sefect Project Outpit Foider: | --5Sefect Output Folder-- j
Project ouiput foider:
MAExpiorer stariup Fife:
Editiayout Assign GIPQ helds Asgsign Quant fefds |
4. Edit and Run
Savelayout| [ Expertassign-mode

Status:




Converted Affymetrix files for Analysis

E‘%E?IEHEEZ convert array data to MAE xplorer hiles - Yersion: 08-21-2001 [Beta]
Enter data for steps T, 2, and 3. Then press 'Run' to convert your data to MSAExplorer format

1. Select Chipset |Affymetric - Human g
1.7 {opt) Select Quant soffware used: |[NOM’;]‘ pck array data () j
2. Sefect input Data Files: Browse fle name | | Browse folder

a3 f-Affymetc2subeiones. b

2.7 Samples to use '<<fla>> sample name', Remove sample | | Repamea sample

2 Temp AT Data\U03 F-Affymetoc-2subofones. bet=> [DSD-T-TelTOA-T-UF5A]
=G Temp AT Data\U03 F-Affymetc-2suboiones. bek=> [DSD-T-TelTOR-1-L195A]
<<CHTemp AT D93 F-Afflymetc2suboiones. ba== [DSD-1-TelTTA-T-UFQ5A]
=G TemATDataUe3 F-Affvmettc-2suboiones. bar> I050D-1-TefT7B-1-L195A1

Lo LI+

VYendor Affyrmeiric
Lavout name Affyrnelrix - Himan
Species Humnan
Spotsimicroarray 12630
3. Sedect Project Dutput Folder; | Create New project folder j

Project output foider: | C:ATempiunkt
MAExplorer starinp File: | ChiTempiunkWIAE\ Starimae

Editlayont ASSIgnGIPD elas AssignOuant fields | Donea
4. Edit and Run

Savelayout| [ | Expertassign-mode -

Status: |===: Anished writing out data Mes. Press Done' to exdt

To start MMAExpiorer, go to project folder & click on Startmaea,




Helg

l;e—mrer info HF-x: DS0-1-Tal10A-1- U854

v Filter by GeneClazss memberzhip

File HybProbe Edit i iy
GeneClazs F
Ent !

pergenenamE rarmalization
Plot L
I Report k

P SO a|10A

P DSD a|10B

Filter by 'User Fiter Zene Zet' membership
Filter by ‘Edited Gene Lizt' membership
Fitter by 'good genes list' membership
Fitter by genes with replicates

Filter by ratio histogram bin
Filter by intensity histogram kin

Filtet b Mk

e intensty data

Fitter by Good Spot dats k
Filter by spot intensity [S1:512] sliders k
Fitter by intensity [1:12] sliders k
Filter by ratio or Zdiff sliders k
Filter by Spot C4 k

Filter by HP-X HP-Y 'sets'{-Test [p-Yalue] slider
Fitter by HP-E clustering [Cluster Dist] slider
Filter by Diff{HP-X HP-Y") [&b= Diff ] slider

Fiter genes with highest X5 ratio or X-% Zdiff
Fitter genes with lowest X5 ratio or X-% Zdift

Fitter by spots with positive

Check zpots for positive va

intensity values

lues mode k




Converted Incyte files Ready to Analyze

Eg,i[:thHae convert array data to MAE xplorer hiles - Yersion: 08-21-2001 [Beta]
Enter data for steps T, 2, and 3. Then press 'Run' to convert your data to MSAExplorer format

1. Select Chipset |Affymetric - Human g
1.7 {opt) Select Quant soffware used: |[NOM’;]‘ pck array data () j
2. Sefect input Data Files: Browse fle name | | Browse folder

a3 f-Affymetc2subeiones. b

2.7 Samples to use '<<fla>> sample name', Remove sample | | Repamea sample

2 Temp AT Data\U03 F-Affymetoc-2subofones. bet=> [DSD-T-TelTOA-T-UF5A]
=G Temp AT Data\U03 F-Affymetc-2suboiones. bek=> [DSD-T-TelTOR-1-L195A]
<<CHTemp AT D93 F-Afflymetc2suboiones. ba== [DSD-1-TelTTA-T-UFQ5A]
=G TemATDataUe3 F-Affvmettc-2suboiones. bar> I050D-1-TefT7B-1-L195A1

Lo LI+

VYendor Affyrmeiric
Lavout name Affyrnelrix - Himan
Species Humnan
Spotsimicroarray 12630
3. Sedect Project Dutput Folder; | Create New project folder j

Project output foider: | C:ATempiunkt
MAExplorer starinp File: | ChiTempiunkWIAE\ Starimae

Editlayont ASSIgnGIPD elas AssignOuant fields | Donea
4. Edit and Run

Savelayout| [ | Expertassign-mode -

Status: |===: Anished writing out data Mes. Press Done' to exdt

To start MMAExpiorer, go to project folder & click on Startmaea,




Summary

MAEXxplorer is a flexible microarray data-mining tool running on the
user's computer

Uses direct-manipulation, data filtering, built-in graphics, statistics,
clustering, gene and sample set operations

Manages multiple samples, replicates, sets, expression profile lists
where the session state may be saved on the disk for later use

The Cvt2Mae data conversion tools allows use with common chips
Plug-ins will allow extension with new analytic methods by users

MAEXxplorer identified genes in preferentially expressed during
lactation, Nucleic Acids Res. (2000) 28:4452

Freely available for download with documentation on Web site
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